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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the introduction of 
defects by suppressing cracks generated by difference in the 
thermal expansion coefficients between a growing HI-V comp. 
semiconductor layer and a substrate crystal, and a difference in grid 
constants. 

SOLUTION: Through the use of a substrate limiting a growing region 
13 by a mask 14, the facet structure of a III— V comp. semiconductor 
film 1 5 is formed (b) by epitaxial growth, for growing (c) the facet 
structure to cover the mask 1 4. In addition, the facet structure is 
completely embedded (d). A HI— V comp. semiconductor layer with a 
flat surface is finally formed (e). 
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[R0] i£g-rs i i i - vmit-&M¥-M#mtw& 

[JK»#8] v ^ * 1 4 CC «fc 0 idUMRtt 1 3 *MR L 
3t««*»l»T. *K*+f + JM»KJ:0 I I I-V 
IKfkMMMPflEjR-l 5 ©7 r -few HfttfcJBfifcL 

(b) . v** 1 4=feffi^*t?7 rt» HfltBSrfSgi* 
** (c) . 7rt» MWBt«7E^(CttU&tr 

(d) „ «tn(cwaft«ir««rr« 1 1 i -vwt^ 

«MtWtttM«£a'r£ (e) . 






1 

[#8*ill#©«SH3 

[|»#JH11 I I I - VMt p ft^ft© 1 1' $ + ■> t 

MIBSIRtlW-jeK^JWKSRWK* 1 *!^* I I I -V«5 

I I -V|JKb£«MiaW**7T"fe9 h«MI*»JiSUJtC3&* 

&«sfis-tt. mm?zm&mw<D i i i -v£Hb£^¥ 

? HWt*««>H^T«lB**S<fc-r*IS**T*c 10 

I I I - VtS{b£»**f*©JiSft2rfe 
[M#92] I I I -VWfcA«M|S»»©*ear+S/i' 

iHE^ift^SK^riM^SBfiHR^Rtt* I I I -V* 

BMgrsj&BSiiac© i i i -v«to«* 

? h««*«fefc^^*¥S<brSIlI£. WET 20 

si 1 1 -vwt&&m#a>aa&m. 

3@K^«MeiB»«©ftlfcttli*Wr* I I I -V&Hb^r 

«t «3 jbjrs n*tfiS«««*»Rjrr s c £ 
ir.*»«aixtt2Ei8©i i r-v«i{b^tt*3»«t 
©)&g:£a. 

[W3J8S4] WBvx**W*fflt»T»fi!tr*«aMil«l 30 
C£*Wft£'TS«tJj»Bl. 2X«3fBlK©I I I -v 

r. are? r -fe h *&©«&#! {l-ioij ire* 
sct*««ir«i»«3B4iatt©i i i -vmit-sw 

X, ^ h7^^WK 1 1 - 2 0>^$fctt< i - 

i o 0>*si-e**c4*««fr*iiwaS4iBtt© i 40 

I I -vmit&mmmftvm&x&o 

[»*B7] KIBStitK. MgA lj O, Stg. Si 
ZnOlE S i CI«, LiGaO, Sfc 

a i , o, mu<o^-rtitft i 03&>&iBfR3*i % strte i 

1 I -VUKKWMaWtt*. GaNlg. I nGaNl, 
A 1 GaNl, InNJR. G a Pi. GaAslOI,>f 

na> i ^frhmiRztizc tz&mf?zm>£m i x« 

2 Xtt 3 Xtt 4 IB$B© I I I -V^{b^3*^(*©fi£S 

[m*n 8 } stria i i i - vmi&h^m&tfiGt a n* so 




2 

^JgflrC&oT. #!&S*lliR©¥iS#»#GaN. I n 
G a N, teJ:0*A 1 GaN©H^< £&2o<Dtt*4 

*» e>$)£ § nr t> s c t *%m. £ 1 s»*« 1 x« 2 x 
«3xw4gets©i 1 1 - v«i<t^«i¥*#©BRfi^r 
m. 

[IS*^9] I I I -V|Wt^*»(*£***«W»*ll 
•CVrMv bm&*BtfiLtj:WP>l&&Utc I I I -VIR 

{b^i»*J»»*«MJ8rsfiS«a«©i 1 1 -vsnb^«j 

IB I I I - v^b^¥«<*©fiSS(c «fc 9 H3IB7 r-fe ? 

h»jfi**aje>ii*ti'rjK)iSShfci 1 1 -vmtsm* 
m&t*^-$z>c.t**mt?z> 1 1 1 - vmit&to* 

[I»#J«10J I I I -V«Kb^«M|£J»»£»T-3e»^ 
«C7r*9 h*»**JBfiSU&**6liS«l/fcI I I - V 

mi&to*&mmm?zf£&m.wo 1 1 i-v^b^ 

!$)¥#f*©)&S £ £ 6 KflWB:? X ? tm&si > > «rf B I 

1 i-vmi t-&ta*m»<DB&K. «fc 0 stria 7 r -fe v v m 
&t>m$>&tnn-cmm$titc} 1 1 -vnt^iitt 
££*nrs 1 1 1 -vKHb^^wae-ca-o-c. stria 
1 1 1 -vmt&to¥m#mi!> h>j>t £ < it Mia»g, 

?M*4*teSti-C^5 C £ £ f SKMft £ f 
SI I I -VJJKb£*MNtt«*. 

[awcsi 13 mriaa«*ffi(c. uriaisSES^tcRSs-r 

SI I I -VSHb^»*»»ilBIC»»*». *S^tt*S 

*jm*mwMmtoWdB&*mirz 1 1 1 -vm 
£4ft¥*(frw&i!t3ft. «ve 1 1 1 - vwnt-gffl^mi* 
mw.kt>t -7 * t> WWt J; s fiSftM HK^fiJc 3 nr s c £ 
5:!|$SS[£-rSif^9*S^«f**«l oiats© 1 1 1 

imm 12] Ga Nnmwtm-impmjmmi 
t£ s m&mm. & s u »sfrias«±cc jfjgs 3 titc g 

a N m*m&3kWlC >i5t-~>>f3titc-?Zi> ttt&tc J: 
*)f&mM®*mi&TZ>JM£> UnERRJKHWKGaN* 
*i<**57 7t-; h^ji?:0^-rs<3; i 5«:fiX«$-ti > IK 

s-r zmmsmoG & N^^f*£ £ t>icmz-?x zvs 
s^tcfrta^r-fey h«j»^a»^-caH 
=&wbrsxe%wrsc£=&ifm£-r5GaN^¥ 
«i*)gl©0^^. 

[f»3j?^ 1 3 3 1 2 &CfBiSi**lfcG a N^^Nfft: 

mmmox&. stria g a n mmmftm e. ^ < £ *> «r 
taaffi. v^i7«)N-*^*-rsxa£'S:*-rsc£«:# 
« £ r s g a Nmmm#mo>Bi$jjm. 

Iffim 1 4 3 Ga N JF^a»i* £ tfrHg.®.*>tmim& 
#grj:z>mw.±. sirfa*«^ffi. *su«siria»«_hcc 




(3) 



3 

T £ j$5«M© G a N &¥*£#© J&B i £ (C ffiM B v X 
*ttt4*«t». S6K|MBGaN3MS»»©fiSftKJ:0 
«E7rt» h^#«©&*ftTJ&J«3ftfcGaN3S 

£ C i i f * G a NXmR. 
[»3WB 15 ] 1 4 iBtSOHUiBG a NX¥*ttM 

[»*3B i 6 ] m*m i 2 *5(,»«it3j?3S 1 3 (cbsik© io 
g a m*m#m<DMi&<D&ic . BUgBG a N£¥Wf*JR 

Clt*JH 1 7 ] 1 2 KfBtS©G a N JK¥*#lgi© 

^«S©«{C. WIKJaNS^ttK±K:GaN»**f* 

<t £ WT S C £ tTSGa N^¥*f*?IJlflli»© 
JB«Wffi. 20 
im?mi 8 3 WKGaN******^*. 9f)^T 
P*8ii£^tyG a N3M9MHHBR?-r*S C i 
fr*BI*Bl 6, &SC>ttfi*«l 7IBtt©GaN* 

[!»#« 1 9 ] mffBG a NJRJMHRT-tfG a NJR*#M* 
U— !fr**Ci*«F*tr&l«*3ail 8tB38©GaN 
^¥«ft8tJf «&©!«£. 

[»*«2 0 ] fftjfcJS 1 4 1 5(CfBtS© 

G a NJft^tWMLhfcG a N**^Stf?-©SW«ifi*« 

[ff*^2 1 3 flfcftltl 4abS^»tf*51 5IBtS©G 
a NR^SMMLhCCG a N S^aSi*^^-©«e«ti£*^ 
l£3 ft, S5IBG a N'&¥*{*K*> 64>fr < t 4>B«fBS 
«L ^Xd>*fls|.*J|»*Snri,>*Ci*««i-rSGa 
NJI&«mMiM&. 

[m$392 2 3 8W3GaNJR¥*tt«HF-«. 97t^?> 
nm&Z^ts G a N JMa*#»#Jfcy--C*S C t 
4f4BI*3l2 0*St>ttlW012 lEUOGaNJfi* 

«f*ae^m« 40 

[li§5#S2 3 3 ffffBG a N JR»#*?-#G a NXk^mW 
U— «fC*SC4*19«irSIII*«2 2 IBIS© G a N 

[|«5jai2 4 3 1*389 1 2 *4lH*l»a«S 1 3IB*K©G 
aN**8lfls|8©0^©«(C t OTCG a N£¥*ttlli: 

kg a N3Maw*3R-T-t»«r*iatwr S C 

gfci f 5 G a N JR^SiftSR^Kjt^rffi. 
[M#>H2 5 3 flt#JI 1 2 &Ci3tB©G a NS¥*SttlK© 
BHftDftK . fTIBG a N JMfilWMLtK: G a N JR^zgf* 
JtfffcfcfiM-SISt. «BGaN3R*Ji(WW»6il>«C 50 




[19*^26] iriBG a nmmwstm** 97)^7 

£ T -SIS*^ 2 4 * S lH*l«*3a 2 5 IB4S© G a N3M£ 

w**?©ihhm*. 

[tmm2 7 3 WKG a NJfifWI&*-£*JG a NS^zgtt 
U— !f"C*SCi*»«frilll«3l2 6§BiS©GaN 
^«f*JR-?-©«3Kf8u 

2 8 3 M3&9 1 4 **t>ttfltJ|S9 1 5 CCgBtg© 
ffff B G a N JMMWMWbfc G a N JM£*f**^-#J&fiS 3 

[IM»12 9 3 HM»i 1 4 iCiBtg©MiBG a NJM3*{* 
SLhKG a NX¥*ft*?*9&A3ft. B?IBGa N?S* 

im?m 3 0 3 «TiBG a N jR¥9f£R?(2. 97*^? 
vffimZ^tsG a NJR^i****^** C i 
iT4H$«2 8*S^«fS*^2 9iatg©GaN^¥ 

[ii^ 3 1 3 tiffBG a Nimytm+tfiG a N3fk¥m# 

\s-y~c$>zz£z®®.frzn?m3 oia«©GaN 
to o o l 3 

aa&K«±«c-i i i -vmt&v>¥mm£kmzx.x 

3 if 5 ^ffiSO' C (DfiS&fsm C ft cfc 

T?#6ft& I I I -v»ffc^»¥*»ll«:Mr«. 
tt»^©^ftl^W«l©»flt*«lt«cG a N«^^ 
<*© * f ^ * 5/ ;URS;fi^i*©®fflccW3aj-c * ^> . 
[00023 36CCGa NSR^iWttR^auf^OtHJft* 
accML. »JWd8©il><cl>GaN*aM*K±K:jeii£S 

[0 00 33 

[f&s*©«fisj i i i -vmt-&®*&#?. mz.i£& 

ittf y 3 A ( G a N ) «. ^ftlJ^ifl*! 3 . 4eVi^f 

[00043 c ©#m*»i>*jww^ -f ^ *fp«-r z> 

i|HI0 { K3M©>''<^^^S ; fefflt^C:<!;*Silt G*i 
GttA<6. GaN0J:^j:iStK, ^©»?8iH^lS 
(,» c 4 K J: 0 ^*SS©{^*s^««:Bi|-t?* -5 /c„ 
-c^VP ^«IA©fgS#(^(cBli«c«m%^c> 
Tf ^-r^*fHRrS»^«. «iL«-9-7T -YT (A 1 
, O, ) »R&£©J:5&*me». «H»SMR«!ft^ 

ft-cgr/c 




(4) 



[0 00 5] 

?**JS3 2*(1993)Jin528-1533j|j 
Opn.J. Appl.Phys.Vol 32(1993) pp. 1528-153 

3). c©£Sttt§£tct*. ^-f^iorottW^fli 

[0 00 6] $ fc«^M©lf * * t ^fiSRK 

m&n&tc&ic , *tt)©ttAJiK£'? 1 ymOS i O, 
mvzh^J-fZfcf&btcy-? r ■{TmWI.lCGeiNm 

3t»-&C4#sitra¥8-6 47 9 1 #&$R(C8B»SftT 
^S. L/*»0WIB¥8 -6 4 7 9 l*Kitt©0tt?ttS i 

C 4 **T?*-T. ^MiiKWPtOt 20 

[0007] *jhb©bww:. »*je»^jiM&R«tt:w 
mt£ 5 ^ f - n ffl i » r x £ * * + ^ fi£fi£ tf o r 

[0008] 3 wfrf&Romvmm*. ±i3xb-£* 

*fcl,»GaN*¥#{«t*iI«-r*£4«:*S. 30 
[0 0 0 9 ] *fc#»!!©ffi!©BWH:. ±iBxfc***^ 
, + ck •) M^h/cGa N JR**fMILk«: G a N 

it) zftmrzc ttck*). mtitcm+ft&onhtiz 

[0010] 

[»iB£ji?&f sfc&^K] *moi i i -vmit& 
wmwvm&mi*. i 1 1 -vm<t&&m#<Dx- 

^g^(C«9iB»S4^^^«ai?5m3»*JSttS I 

1 1 -vm<t&®&m<**im-rzxmt> mibj&sih 
mvm&i 1 1 -vmt&®¥mteZ7 7*:v hmmt 
xmutetfzj&giSit. mm? &i&&m®<D i i i - v 

«{b^*^i4fctc|Mev*d*lW*«t». 3<E>K: 

ma 7 r * 9 h mmimto&AtvmBi'WHi'ir sxn 

[0 0 1 1 ] £fc£26HJ© I I I -V|^b^«*«H*© 
(Sfi^ffitt, I I I -V«?<b^^(*©xf^*^i- so 
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tm«C«fc «3 JtEMtf 5XfI4 , griBiiKMtttC 
ff!5B«4<^f^R^«UlKSB^»3!>iS^S I I I -Vfc 
[t^ift^fS^t^ISi. WIBfl6R««-C<WB I 
I I -V^{b^*3l^«:7T-fe^ H«Jfi*JBfiSLtt*J 

ejass-e. mmtztmimvi i i -vjsHb£«¥ 
» nfBftsafti^-cfUH^^brixat. striae 

5. 

[0012] 3 6«C*»Pi© I I I - VJSj{b^gJ*J»ft 

©&«:&£«. B«gB*sa®(c. irai&siiRttccji&ftr 
si i i -v«ffb^«^»4BH;*m*. **i>tt» 
^sett^^sflittcffiifcttfiftwr* i i i-vBHb 

x?ttWc£K>mmz ttftti&mm*miT z> c 4 

tt4T%. *5tlllBvx^tt»*ffl«r>T»JSR"r*JSSft« 
J©B«. 2ltt Xtt=ft0tfrC* 

5C4£!|$8i4T5. 

[0013] #»B© I I I -vnt^jfiftia, 
I I I -Vltfb^*^4^^^1l8WMR#K 
0: & 4 , «rESfijftlfCCiiSfiffiitf«^ISKT 2. - 

mk^f&^tufiht&skLiti i i -v»ifb^»*3W* 
Asmtr^flUUM© mi -vnt^if»fto^fi 

iifc«C«riBv;***fls«:*t». Ml B I I I -VffllG 

«M£«<*©itg£(c £ o«E7rt» utajwaswa* n 
rj^BSStifci i i -v»tfb^¥*fl***r*-sc4 
^^4-rs. s^k. me i i i-v^{b^5^ift 

5C4^et#m4-r^1ta!t4TSo 

[0014] g/c una^^f WHjpjjWrcaftaiitc 
iwafiSfi«*R:jiSfir* i i i -vtimt&m^m&tm 

Ctm*. **l>tt«^SE«^»«lK«i»»©<Hfcft«* 
I I -VWb^4IMia»»3WB*S*i"Cl»*C4 
5:!|f^4-r2)o 

[0015] *^Hj©Ga N&ytmwmomtitt&iz. 

BST •5X114, mtBASMWc G a N S¥z£{**5 7 r Hz 

©GaN^^(*4 4fctCgrfBvxi'Mi|sf ; &S(/\ 
tcHirie:? r Hz * Hfjt^afe^-caB^r^^bTSX 
S*W-r-2.C4*!jfmi-r5. *feGaNjR*J»ftg|© 
»)«©«. B«flBG a N%¥«flcMd>6^ft < 4 femrlBK 
«. vX^M*4 ; &lt*-r5Xfl4^-r-2.C4?:!|tSi[i 
T5„ 

[0016] #&Bj©Ga N¥kmm#mmmm.<Dmti&3 

G a N«¥«f«M©J(W©tt(C, iftgBG aNSI 




e*?rr*c4*««ir&. sfcfriBGaN^zSf* 

[ 0 0 1 7 ] #»W©Ga N**3*tt*-T-©«iS2T8; 
«, G a N^j*f*JS©^©«tC, MiBGaN^5» 

&C, WI3GaN«**»K±K:GaN**JIW«R^*» 
SWilli. flWBGaNJ!MI«i{*ito6*l>J&c< 4*>W 10 

ifcffKG a N #71^7 
0«Jfi*^«fGaN3fi^*»»*3R^T**Ci. 3 6 
tCBui2G a NJRJftjtJRWG a N JR¥*W* U— !f T* * 

C 0 0 1 8 ] *»W©Ga N*3NW*«». G a NJM* 

*<* 4 tt$m j WMm0intfimtt&&fL t . frtsss 

Sffl. **l>{iWE»«Lh«:»BSSnfcGaN3R*»# 

J$ftffitt 4 . WIBJiR*«RW'r7 r -fe » r fltt*«JUtl/tt 20 
*t6a5fil/feGa N»5|a»»*iM«rsaS*iH«©G a 
NK3mttt©JA£4 <b fetc«ne^**tm*S&». S 6 
tcWEG a N&¥*i*©J&g(C «fc 0 WE? rMv h«Jg 
rtJS8M&**VC<r»Se4**WR4TS. *fclHBGaN 

[0019] afsjWIOGa NJMSWMMWtB:. fTJfi 
CDG a Nfc^OWMLBcG a NK4UM*X?-©flM«Hft 
JWP*8tlTlf»*Ci*««i"r*. SfctCtWEGaN 
JMNV^M^&^tt < it>«HB*«. 30 

[0 02 0] *»W©G a N**Ji»3R^tt. GaNS 

ZftmttZo *fcWEGaN3R*»fttlLhKGaN* 

<4*>«rie»R. -7Xi»tm^»*stiri>*ci*w 
a*4-rs. 

[002 1 ] $ 6&CBUSBG a N 
^P«tt**toGaN3R*»*JiJ6*f'C**Ctt 
mkt?Z> 0 WEGaN3R«36*-f*»GaN3Ra|MI*V 40 

[0 022] 

[»«©»»©»«] *»w©iat©»«ncot>-c. h 
[0023] (.mi <D9m<Dmm) *mxom 1 ©n*& 

©»HKOl»t. I I I -viit^ft^f*©it^ + 

[0024] ffllMC. &ff$m£t2t£9t£A<CU ^© 
^©m"rS8ftr**m4BIC*». *S(r»tt*©tmt 
*^»4»«WWW»©«fctt*t*Wr* I I I -VIK 50 
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^©JBtttt^ F7-f T'iU. C©i#-7Xt? 1 4©J»3 
ttl0nmW2(i mfiST* 0 . SSEfiffl*^ 1 3 *J «t O* 
•7X^7 1 4©X jISO. Um*>610 

MmSSibfc, O 1 (a) ) . 
[0 02 5 ] &fc. OSMWCttl/ I I I - VtSHteW 

t> Jt»«* Jf^i't ;HM©ElttfK: J* A U T, * 

**4aHR©«R^^iv 

-c^s-rs. ss*^slt^6 i i immnzimi; 
x. fm.rn.rn 3tc i i i -v8Ht£«¥*f*i 5*^s 
s-r-So timftK#&i2. w*u<tti i itamct 

<k!»*fflt»*«[{b»lftaSffi«:J:*«ffifiRft (VPE : Va 
por Phase Epitaxy ) "CtT^a 5 . I I I 
«^*JIl>&4flM^I:64MMaaS (MOCVD : 
Metal Organic Vapor Phase Epitaxy) £ffll»"Cfe 
<fc<,>. 

[0026] I I I - Vtitft&Bm&m 1 5 B. 170819: 
ffCttv** 1 4±JCJjfcR-&?\ J&S^C 1 3©<&Tf§ 
ftfiJtffcMBCt). JiS*«WLh©I I I -VKflAIWS* 
5«C«7rte? r*ttJWBfifc&ft*. C©4#©I 

I I -vmt&H&mf* 1 5©fiSS*frttr7 r-fe * h« 
BtftBtitSti** *> 6 50W6 1 10 0 XWJSeS. 
flt I I I 8cTO©«i!&:B&C*r vmfefrh 2 0 0 0 0 0 
<g*#J&-r SV«?MM©«*&M©«5H-Ctf 9 . (0 1 

(b) ) . 

[0 0 2 7 ] **S' + ;l'jftft*«kl*&£. I 

I I -VKfb^»***l 5»:?yte? r«t&©BtC*f 

©I I I -Vmit&mmmWl 5©7rt-; rtHi*4ig 
tof -5 (01(c)). 

[0 0 2 8 ] $6(Cib^*->t ;HKS*^W£4. 7 
r-fe-7 r ft (01(d)). Si5fclft(C 
tt, 3Pfi**1B*W-r* I I I -VM^Wiffil 
5£f#-sc4#-cs* (01 (e) ) . 

[0029] a*. g«±CCt&^5©K^I85B$S©Jt& 

s i i i -v»<k^«»*»«Kots»«ft*tf 94. s« 

4©WffiT^t,fc«II^B«:4t>&9Rffitt. IFB4 
SiE^tt ft>c>* -5 /c* . fc 4 ^. J. f it * *^ + 

[0 0 3 0 ] *H»©^*«:J:S*j*"C». ffiR&l&lc 
£K)!8,&mmc?r-t v b^iS^rJfMU-Ct^. C©7 

r-fef h©ffl^(C«t0S(4* 1 7r-fe f htcroJJ&^'rit 
*. a«4SitK:f*c>*r(,^cito(43!»iSil:Jft^|6l^.f*c>*i 
C47iit?t%< *SS^R§«7tHz^ h©)i)tS44 
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cntCcto. iw^t ^^©^©{S^ften 

[0 0 3 1 ] I I I ttl]9(f4Cctt<|:4ft«Ait>Stt{k«! 

MaffiKAiflifaRRfi-rt*. i i i - vmit^sn^mw 

ISICS*^*.*©*^*^. Lfcai-?T»^£SiL&C{* 10 
V-SlStttt. B1»<*»677*» M8i£©5'fc2Mi4 
Rj&*iB©*l4HC«iy*Ci«:«c») I I I -VUtfteUJ 

i 5«ctew£SficcfiiwsiM**w«:*6-*-c 

[0 032] &**. I I I lMmKWa&MI*JIl>&* 

tb"*TJ£Bj££**a< ±a©J;^K:©I I I - 

V#Hb^tP£S& 1 5 ©7 7 -fe » r *fj£© 0 ^Sffiffi i 

iu < mz. & «fc ^ tc-r n«j: t>. aj*. « i&rm 

[0033] cm2 <omm<DBm) *mw<D$&2 <Dmm 
©jbibkc-oot. i i i-vM^i*i(*©xf$f 

[0034)15 (a)~{b) 1 ©Hii©» 

ttCDBIl (a) *>6 (e) 4R*&ISrfBKL'TI,>a 
fc&i&BSfc^Bg-rS. 5B2©^ife©Jf^r«. III- 

¥*§{bL,fcf£K:, I2®'7Xi'?:S:W (H5 (c)), 30 

m i <omm<mi&t mmac ?r*v\- mm&mm u . ¥ 

JHft*fT-9"Clr>* (15 (d) ) . 

[0 035] SP2 ©JUfrDJf^rtt, 01 ( a ) #>6> 
(e) ©{1H$mi£il£9®TC4&Cj:9ff2J&LfcI I I 

[ o o 3 e i » i (Dmmmmh \tm 2 

^fi-rs»^cw^-c*o v A 1 2 O, . Si, Si 

C. Mg A 1 1 0« , LiGaO, , ZnOf©llS 40 
-MD. GaN, GaAIN, InGaN, I nN, Ga 
AsXttGaPfOl I I -V»{b*«MMW*©fi8fiK 

[0 03 7] 1 ab-5miH5-C«a«K^©^© 

»^j»»SHffitt«6«ytttK*wr& i i i -vjjHfc^m 

l^Bttltfg-^^T&j&L-Cig 1 (b) ~ (e) 
m*a5 (b) ~ (d) ©-^a-fe^^ffo-rtlBl^j:^ 
*#f#e>tts. 50 
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[00 3 8 ] § 6tC*^)!ifi©^-C«^X i> 14i LX 

%'i7-??c&> cft{cRge>*is*>©-ctt&< . 77t;-h 

[0039 ] (f&3 ©H3&6©Jf£flg) 3tfC, 3 
©^SS©ff5SgCC-o^T|}iBjf ^>o ^3^>H^©^«. 

is i (ommmmh * c > w» 2 ©nitcw^as-cittw b fc 

I I 1 -V^b^5**<*©xb-^ + ^ + ;UgtS?:Ga 
N^^<*©fiSSCCftJffl IGaN JMSW^M^HM- * 

[ 0 0 4 0 ] m 3 ©5£Ss©j&SBtt, fli 1 onn<Dftm$> 

5:GaNS*i»f*tCfiJfflbfcfc©-CfeO. #jIfS@B>r 
[004 1 ] ttOfttc. G a NK^ft&fNkttUftft* 

[0042] &{a£&1RJ«tC*t IGa N JMHIW*©* f 
* * W ^fiSS^rtf 9 . RRSSWSlO&ftf &Ga 
SW*©»»fiSft#ffitt. I'l r«l»K*U')A (G 
a) <fcft<b*^ (HC 1 ) ©J&jZ&JimCifc&tttfbtfy 
(GaCl) tV«U!S^CT>*-T (NH, ) il 
^*fflt»4Wb«flft36ffi«:«feS«WBfiSft (VPE : Vapo 
r Phase Epitaxy ) t&^-f KVPES 

S (MOC VD : Metal Organic Vapor PhaseEpitax 
v) «rJBb>3. fiXftSS«6 5 0WP.1 100 'Cftf 

i>. v^m*4©«^s« i i i &asm<Dmtem;ictt 

{g*>6 2 0 0 0 0 0 fg?:«*&-rn«j:t^ 

[0043] G a Nf^*i©if$=rJ/ + 

j@ C 0 . iSfi^l^h© G a N^¥«f*M(C «»«©ffl^ 
[0044] ifi^r^t^M^Si, GaNIR 

-5= ^LTB!f«r?.li!cS^l|!(©GaN^^*©7 7-fe 
[0045] G a Nit^JVfm^<Di^m^mmts:tcii>, 

-rrs«> s i ci«fi»>rtfc)js, cnecit 

•5>. CC/cfeGaN^^^xf^^^ + JURScS^rtf 
^5 4, «S4©Wffi-C^UfciS^XFg«:4fcnc i >lKfi[ 
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#SJ?ffi t SB^I^CC fc t i f # * -> f JH&£ Jl 
CO 04 6 3 $SIM©ff2£K<£Sx + 

i££ £ G a N 3fc¥i»<*£ X £ * * + UT C > 

in, h©tti^C«fc9. Sl££GaNS*2S& 

©SlftiS^ 6 b icW&fi 7 r -fe h CC frfr r> T il 10 

[0 047] L/ tc1A otGa N*¥igf*©il&.IIKIltt 7 
r*9 KOfiSftit fctcaWlSKCftlf 6ft> GaNM 

* ->nsi*3 ©:xn ©<SM* J tt <e> ft s „ 

[0 04 8] C©«fc^fC»K±(CVX^{C.J:f9jl^tC 
W3h/cfiEfiiiiC7r-b» hUtitSrWTSGaN^ 20 

[0 04 9] 3 ^3©HJS©^f»P>n5Ga 

5Cit, «§*KB©Sl>fc<,> G a N&¥*S<*)S& 
(Dlfiil/Tll,^Ci*l-CtS. C©«fc5ScGaN3% 

"C* £. 30 
[005 0] JfcGa N3R*3»<*3R^-*SG a N*¥»M* 

/cG a N JM^ffcffeftSt^-fcteW SS«XlB'M£>tt&& 

[0 05 1 ] <* 6KG a N?fc¥ig#f£3te3H^G a N5S 
^Js^Mtu— tf©»^tt. GaN^#i*t-#IB®^M 

J: -5 ftSHB 5 7 -©fls«*n?J|BK: % £ . 
[0 0 5 2] f&3©J£&S©J&!£K::tetf£GaN^ 
^ft«©^tt0Mll_hg 1 ©HS6©JMS©x f * * > 40 

[0053]$3 (D%M<Dim<DtSm-C\*> G a N3%¥ 
«M* £*&*^*J^§g0i8Jt©#i& ^S^BiciSSv 

.*«tfiOfc»C. sSGaN?S^^®CCvX^^B5c 
L-T fcP«&3&*#»&ft£. 

[0 0 5 4] §e>CC3|s:^iS©Jf^cra^?>vX^iL/T 

bis i ©jb»©»»* s <<>bs& 2 ommommt mm* 
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©»*5WSGaNSfiftIi ItttGaN, Al 
GaN, I nG&Nm&btfbtlZ&GsiNWmWt: 

[00 5 5 ] $/eGaN?M£i?MW£T-<tUTB, GaN 
tf-^G a NSLE Df©Ga N?fk¥m&& 
%£k*<Di6LtC F E T-$>HB T& £©?v n* * fc oj 

[0056] (m4o>mm<mt&) *mi<DM4<mm 

[0 0 5 7 ] !84©5IJfe©J&8&B, G a NK^Iftii 

fj»fla»*»tfr?-sasfc**»fc sstLktc. ** 1 ©*»©*& 

JBKDi f * * + ;U8fi* Wffl ItGaN K3U«ttJVR 
*fiSSU 3 6&CC©GaN!MSi»&JgB!±tcGaNS 

[0 05 8 ] *4©H«I©»»-CBG a NJIMNM*BLk 
©G a N3fi.*J»{«R^ t bTG a NRiJOiftlBtJRT-* 

[ 0 0 5 9 ] BD#>K:> *®ilffiK:vX^£ff*J?KU 7 
*50fiS S ft I > S .■ 

[0 06 0] v^>5/R^RSS«l«©Jfm<i: Uttt, ^1 
©Hife©^Sg©^©<fc e» (CfiSMiAOG a N^^«ft 

[0 0 6 1 ] ^«CfiR*«WtC*f l/Ga N^^*»©x f 
* + ^ + JUHRS^f^. GaN^«f*©RXS^«, I 

i iaamtc^u^A (Ga) tmt^n (hcd © 
sjcftiiRttrftsttifc^y^A (Gac i > tvwmn 

{CTls^-T (NHj > ^*ffllr>S^^ F^-Y KVP 
Eft«$W^, W«^«ft^^tlfiRfi« (MOVP 

[0 06 2 ] G a NS^ftOi b^+->t 

m i ©aw©j&»<tni«K:. g a Nmmmw^vjmm.m 

0 . l&gfimt©G a NIS^^iC«8«©ffl*{4i B 

^,ffi^{i© 77t^ § 2, o 

[0 06 3 ] iW+ftAWIt|IW*4. GaNS 

$ft. S^WfCB, JF«ttaBBS«T*GaN3M9JW* 
[0064] ^(CG a NS^zS^M-htCG a N3S*^* 
fiSL/fcf*^ G a NJfi^^R^I^JtSd ft/cS«€:MO C 

vDgftc-u^u ^©se. ^^siES. v/i i 

iJtT. nSfGaN)!^ nIA 1 GaNi-7? H. n 
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SSGa N3fc#-< KB > T> I n Ga NS^-#FJ1 
<t7>F-7"InGa NWHJf fctt S^MT-^Ffl* 
igtittJl. pSA 1 GaNJl. pIGaN^Kl- 
pSAlGaN*7?Fl, pSGaN3>i'^ H4 

[0 06 5] l>—*f-m&ZBl&l,tcg i &ZW& 
f§tC-te*hU S«> S iO, *j<fct>*GaN3% 

-5>„ gsajUfcGaN^*<*M©m T^to^GaNJS 

[0 06 61 14 ©fUfe©ff^C cfc 0 JiiT©$Jft h 

[0 06 7 1 ^1 ©3lte©^BScDxb-^ + ^ + ;^fi-e 
f#e>hfcGaN 3&¥«#!g±K: G a N 3P.¥ig<*#T-flti§ 

J&g-CWS i & r> T (,> fc G a N ^¥«#3^1f i§ tcfc W 
[0 0 6 8 ] §6tCGaNS^i*^^GaN^2S 20 

ttff g a Nmmm&ig<Dgmt<cftm? z 

C £ & < *^*fWr ***fBKIH#lOTMbr * 6 . 
[0 06 9] SfcGa N«*i#^W J Ga N5S¥ 
SW*U— SfCDW^tt. f6*^#^&^GaN5R¥SW 

irga{C«fc«3GaN^*«cU— !f«Bt©ftffig5 5-ffi 
* JBSJST * £ . C ©fcJbffc*© h*7-{l7?> <fc 

[0 0 7 0 ] fete. »4©HJ«l©^tt±ge©3ilBCCRB 

[0 07 1 ] GaNSM£3»f*|g©xfc-**W 
;K&gttft 1 ©SWOJBJttKWrttX . ft 2 ©jl*6©Jfc 

[0 0 7 2] ?6{CGaN^^ft)g±tCGaN^« 

tc*i, GsiN&!m#Mmffi&tC&&> v**£GaN 40 

8WH«S*fl«L"rfcJ:l>. 
[0 07 3] fete. GaN8MNM*g(ft>6£fc 
*|»*L/fe«t«iWLAa&s. Ga'N*2|9|»U:K»lS 
ZtitcG a N«^f***©*Sii14©^/dtt#fct»© 
-C*n«> gfo vx*©|*S*tf*>"i\ GaN^i 

[0 07 4] -Sl5CC*S(S(fcflE)»»{Cffll,>*v^^4LT 
ttft 1 ©HS6©0!S§*'&m*02©||SS©^figil31«% 
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©»MKC*5WSGaN*a|aW*t«[iOr»3:GaN. Al 
GaN, I nGaN«*«*tf6tiS*«GaN3Wftfc»* 

[0 0 7 5 ] JfcGaNJRaNMttR^iOTtt* GaN 

u — !f 4»G aNSLEDfCGa 
%3R¥<Z>ttlC FET^HBTft £'©r;-? -C * (C fc®fflnJ 

[0 0 7 6 ] 

[HJ60I] ^^^©fiMWc^TEra^JlL/'r 

[0 0 7 7 ] (ft l 3fc^©H«fiW«:o^ 
~C, Hl*#JBl/TttW-r*. #3«iWCtt. 
T. (0 0 0 1 ) M^.y t 47 (A 1 1 O, ) WSLl 

1±CC 1 «maiOH©GaNll 2£*6#>Dfi!>^ 
flEl/5t»«*ffll,>*t. CCGaNll 2«ffi(CS i O, 

J-yV-e-?Xi> 1 4 iJ&KISfilS 1 3tcfmLtc 

mi 3*j«j;cxvxi' i 4«, -^-n^n 5 m 01*5^^*2 y 

m©ig©X h^-Y7't^"C*-i>» ^ h7-r7*^[S]«< 1 1 
-2 0>#|Sj£t//c ( (01 (a) ) o 
[0 0 7 8 ] ESft^cl 3(C^fi-rSGaNMl 5tt. 

1 1 imm.mctf')^A (Ga) tisfb*^ (hc i ) 

©Jg^RJc^rfeS^b^V^A (GaC 1 ) iV^lI 
£HC7>*-7 (NH, ) K?-/ F 

VPEtt«JHIr»fc. KS1 14^-/H7-{ KO^I 

cc-fe » h o. TK^HM-CESSias iooo -cfc^a-r 

£. ^Sfia* J ^SUT^6> H C 1 SSft?: 2 0 c c / 
fefrrgMSU NH s SSfil 0 0 0 c c/»#-C5#f! 
g«*&-f S C <br> ftSffitt 1 3CcGaNflg 1 5© { 1 
-10 1} i*e,&S7r-fe? Hfjt£:JjS56S-t*;fc. (S 
1 (b) ) . 2 0OTSgit^ + >>t«6 

7X9 1 4*m5&-V7 r-tv hUHtl 6*16 
J1S*A: (Ell (c) ) . 

[0 0 7 9] 3.VZ*i/ + )\'l8.&*WmZ>CtK.&'<)v 
rtev f-tfjg£il8t>jA# (Ell (d) ) . tt&ftCCH:. 
5B#ffl©R£Sr2 0 0 umW&OW-^^M^-f^G 
aNMMS^/c (Ell (e) ). GaNil54l 

[ o o 8 o ] ft i <Dmmm^\*M®.w,*mwct zm®. 

fiRStcJ; •) > M&& {1-10 1} l*>e»ftS7 rH2 ? 
fi£SiiS* s ffe©®«J: 9 ®l^/c«)(C^nT < -S „ 7rt7 

Hz-^ h©W31-CC©*|S]M#D f -5C:£*S'C#)i'«c< ft?,. 
[0 0 8 1 ] ^fSBJK;^ 0 fiSSl/fcifell*^lffl{C^S 

'>*;Hi©K/i«ttI«:m^ tegh<Dffi<,ctoZC±&t>fr 
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[0 0 8 2 ] Iff \<DnmM< l cJ:-,XBf8.2tltcGaNm 

i 5 jo*, t7T-f7fflsi i £#mett**uB»tt« 

BSftfc. 0*»*>. JMWJSfctTofcGaNBBCtt. * 
^P@ffiS«l 0 6 cm 2 ISt* 

[0 0 8 3 3 *:|USW|-C^fiL//cG a N0U2£Ktf#tt 
tC4>&<. C©±lCU-f. FET\ *j«fcCfHBT«C<ir 

[0084] 3 6K-9-7t^T««1 l*waBJK:J:-3 
TUtSTSCiT. GaNRl 5*««**f4iUTffll» 

[ 0 0 8 5 ] m 1 ©HJfe^-Cl*. GaNJRcDxf**^ 
■^USSfttC^-f K*-f FVPEjS*ffl«r»T»RRUA:*i. 

*«Am{kA1»«ffija*s (mocvd) *ffl«,»Tfei3i 

SiStii, ZnOIS, S i Clf , LiGaO, 

IE MgAh o, a«4!^ffli>T6iamtta# 

5 1 , O, g«U l±&CGaN)H 

1 2£*6*>Ctf>^Jj£0/<:* 5 , »«1 1 i^BS^* f 

[0 0 8 6 ] £fcv*i7 l At L/tS i O, *flfl>fc 
#Cft«C|R&tt*fc©Ttt&< . S i N, *£©*&»{*. 
JjgTfcJcl*. C©HJ6fl|T?«^.X* 1 4©iii£2 «mi 

fc«Uft>Wi&*iS. 36(C^h7-f^<l l-20> 

sie©^inj< i - 1 o o>-c*>«fc < . cne>©^6 

Mtfteftgrfc *>*&&*&£©&#«: <fc D . J$£Mtt 

[00 8 7] SfcGaN©xf^*i/^;URSSCCOl>T 
i^fc*!. I n GaNI, A 1 GaNi> InNIi, G 
aPJI&6^»:Ga A sI^iff^i't^gLtfc 

[0088] OH2 ©sgtwo *»w©*2 omnmic 

[0 0 8 9] m2©llife0!J-C«, (0 0 0 

i > hs i cin i±tc i u mms.omm<DA 1.., 

Ga,., NJgl 2 C»0J$Ofc*S&£flH> 
fc. COAl,., Ga,., Nfltl 2 3HBCCS i O, 

>^tv^ * i 4 <t ageing i 3 Ki^-BtL/co fSL&mm 

13, tecfctfv;** 1 41*. -£ft^ft2um. fcitfl 
1 - 1 0 0>#|SJ£ Otc ((01 (a) ) „ 
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[0 0 9 0] titSttlJftl 3«aSfiTSGaNIIl 5tt. 

I I IiKJOKW-ecit/y A (Ga) i&fbK^ (HC 1 ) 
©JSI&Mirc&SJfii A (GaC 1 ) iVgjM 
mcT>*~T (NH, ) h'7-f F 

VPEffi4ffl^?c. Sfil 1 F9-f F©fiS*K« 

tc-fe 9 h u 7R^#H»-cfiSSSg iooo -c(c#a-r 

4. fi^ftflCtfSBeUTjfefc, H C 1 tjf&S^ 20 cc/ 
«#"C«H5U NH,tt«2 0 0 0 c c/«#T?5#?M 
g^tSCtr, ESftSfilScl 3&CGaN®l 5© { 1 
10 -10 1} IW&57yt3 H*S*fiSft3-ttfc (0 
1 (b) ) . 

[0 0 9 1 ] 2 0#W!igxb-**i/i'Jl'J55cg 

**fctt. 1 4£&5£TGaN©7yte-;' h#J3* 

1 5*»3§3-lffc (01 (c) ) . 

[0 0 9 2] xtr>*i^i.;naEfi*ttW*CitcJ:i)7 
r-fe* h#j££S&ii* (01 (d) ) . MttttCCtt. 
5B#P^<Dfi£St?2 0 0 umfiS©¥±i^S ; &W-r-2>G 
aNl*MS*fc (SI (e) ). GaNIl 5©ff5 
NH, #X*^Ufc#6?IHItt"T?ft*IU J$ 

[0 09 3] lft2©flJ!ifeWc£^T^§ftfcGaNIII 
1 5Ktt. S i Clfil 1 tOtt^+MKmNRIfi 

Sft7c. l/fe*>> JWft3**fTofcGaN»Ctt, 
*5^^Kii>^ < 1 0 6 cm 1 ISt*^ 

fc. 

[0 094] *IHt«"trjiRft03ftGa N«B^0B*^W 
&C4>&<, CCD-BCb-lf, FET, *iJ:i>*HBTfti' 

30 tt*l*LhS**C4*n?Jra4**. 

[0095] ^fc, s i cstsi lzmmoHcz^xm 

ifiCi-C, GaNBl 5*«R*miL"Cffll»4C 

to 09 6] m2<Dmmm-cit, GaNi©if^-> 

f JK&gKW F5-Y FVPEffiSr/B^TJfclSUcT^ 
WtS^W^b^mtaRKSS (MOCVD) Srfll^TfclaJ 
**:**«IWP»3:. S iCltl 

i *flHr»fc*i. s i a®, z n omm: ai, o,i 

LiGaO, MgAl, O, 

40 *fflt>Tfcra*&«MljW§&ft*. S6iCSiCS«l 
l±KJRW©GaNg|l 2**6*>UaW^fiRl/*:3D«» * 

[0 0 9 7 ] SfcVX* 1 4<h ITS i O, €rffll^c 

*icn{cise>ns*>©-c«^< , siN, ^©latw* 

JSrfeJ:^. C©HSfe^-C«-7^i7 1 4©ifs* 1 0 um 
iUfc*. vx^£S&iMfC£©r££iSr&ix«"|q| 
tt<cS&jH^«|6ti&. S 1-10 0 

tmtL<Dim< 1-12 0 >"C*>J;< . Ctl6©*W*> 
50 6fflW/cftfi[-C«>-?-C*>iBllRRfi©^mcJ:0> ^fi^i 
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[0 0 9 8 ] $fc§P.tCSSl 1±©M£UTA 1 «aJ?£ 
0. 10AlGaN4«lifc*5, COHfiSttffiStOfc© 
colli l/"C-€-©fiS&C A 1 N, InGaNfti' 
*JBl>T *>BMi«c«l**«» 6ft £o S a N©i f 
£*;>iOU)Sg&COt,>T$^fc#s > InGaNl, Al 
GaNl, lnNl, GaPl*^«GaAsgix 

[oo99] (ifr 3 onrnw) *$mo>& 3 ©usswk: 

[0 1 0 0] ^©HJSPrai, IKitt, (11 
DiOMgAI, 0« WSL2 1 *ffl«/»/c. C©S« 
2ia®CCSi0 2 K2 3^Ml, 7* F'JV^ 
7 -( -Si 1 ?! 7 I- x 7 ^ 2 3 

2 2tC#$£Uc. fi£«$W$2 2, 3«> 
^n4(im, fc<fc<y>*3 urn©*!©*. F5^^C* 20 
4. X h 7 -f ^[Sltt< 11-20 >^fS] <b L>tc ( (0 
2(a)). 

[0 10 1]GaN)|(DiSlt v*^2 3±«CSHSa 
©GaN#f«*»IWr*©KaLA:>W K7-{ FVP 

Effi*fflt>fc. c©#jss"c»» i i i wmmctf v v a 

(Ga) i«{b7K^ (HC 1 ) <DJgt&^JS«J-C*4Ja<b 
#'J?A(GaCl) V1RJRS.KT>*-T (NH 

s ) tfzzm^z. 

[ 0 1 0 2 ] Jf, *t£2 1 vH, tK 

sg#x L/ *c# e> i o o o °cm&.<Dis u-cmfum v 30 
7c&. 5 0 o'cmias-a-, hci^es^o. 5cc/ 

S^tttfel/.'NH, SSSl 0 0 0 c c/«»T5» 
«tt0«&TSC it. t&aj$fittlA2 3CC&J2 Onm© 
JgJKDGaN^y? t!2 4*fim?Z> (H2 

(b) ) . 

[o 1 0 3] cottars NH 3 #X£#fe&L>&#6> 1 
ooo-ctc^srs. RjaHBStt*58ei/-c*»&. hc 1 

iWI*2 0cc/4i»t?ttl&t/. NH, iJSE* 15 0 0 
c c /ff#-C5 »gK«*&-r5 CiT, J&mW^2 2 © 
GaN^77 7 -I2 4±K:GaN© {1-10 1}I 40 
3&»6Sc4 7r-fe» h«Jft2 5ftBS«S-ttfe (02 

(c) ) . 

[0 10 4] 3 i^jf+^ + iHsaESttttt. 
*2 3WSt?GaNl25©7rt5; Mti££l6ji 
$ i*tc&. 7 y -fe » h 6J$6£i& 
W. g**ftiCtt, 5B#fB]©Ji£JrC2 0 0 u m^lS©¥-±i 
&S?ffi£WT*GaN]®2 5 SJ^fiSiS tir/c (02 

(d) ) . GaNR25(Difift. N H 3 

[0 1 0 5] ^3©HSS««ICC<to-r^fi5t;§tlfcGaNM 50 
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2 5 Ktt. MgAli O, . *&2 1 t©«-fffitt^J» 

Cbtimi&Ztltc. Jl^fiXS^f-j/cGaNM 
«:», ^Pfi*i^m^^fe< . 10' cm' 

[0106] *KESB«"Cfl»U3tGa NJl«XR8a j #^ 
K4>&<, C©±(Cb — «f, FET, fci^HBTfti" 
©HJp a D 1f fO< W Xflt jft*fifcft-r 5Ci-C. f^V^# 
tt*fa-h§t*£C£*reJtt<!:tt*. SfcMgA 1 , 0 4 

*«2 1 i&W^tCjr^r^-r-SCit?. GaNl 
2 5 *««tmt 0T»>5C £ fc-C#4„ 
[0 1 0 7 ] »3©|g«irt"T:tt. GaNB©it>*!/ 
+ ;U5fegCC/W K^-Y KVPEffi*fflt>r»BSl/Vfc*. 
««ffclR{b^ft»HR6«j£ (MOCVD) *m»Tt>l§l 
lf&fl!j##5f# P>ft&„ *fc30iWCW. Mg A 1 , o 4 

I«2 1*m>te*i. Si*tg> ZnOlE SiC 
StS. LiGaO, S«> Al, O, WBWfcJB^T 
t>H«tt»«*»»6tift. <*6&CMgA 1 , 2 1 

±fcH»vx**J|SfiKOfcrtJ. S«2 l±(CGaN^?r 

[0 1 0 8 ] Jfcv^f 1 4i UTS i O, Srfflt^c 

#5c*ucKg6ft £&©"?«&< . siN, ^©tfif&f* 

■rrt>J:l>. §e>tcvxi>2 4©*l* 1 0 umil/fc 

*#f#e>fts. sfcusswr-wu * h 5 1 1-2 

nistt©^rai< 1 - 1 0 o>-a>£< . cne>©*isi 
a> 6 m-t ten arc & Mr ass Ao^tc <t 0 . osmwc 

[0109] * A^KMlM'CaSCJbtCffil^ »7ri 

[0 110] §6tC t UttffTCa. GaNOitm 
lOHfcgte-ot^TjE^fca*. InGaNl, AlGaN 
01. I n NH. GaPIS> GaAsitaWtft* 

jiWi/-r*>H«<c«>**m6fts. sefcj&g-r* 1 1 

tl4o 

[0111] (^4©HJSiW) *«W©»4©3*E*WK: 
Ot,»-C. 03, 04£#JfgL-CtJ4BJT£. 03«Stf?fi«J 

tc x t- $ * ~> + Ji/fiss-r 4 daHWrt«wistt*toBtt. = 

flJPttRCfffijetti Lrc««050T&4„ 

[0112] ^mmm-Cit, *«i It (000 1)1 
©Al, O a WfcA l±tcl wmSS©MJl©GaN 
0t 4 2 * * 6 j6» 0 J* 0«t fclSAStii£A 1 »3lfc. 

[0 1 1 3 ] C©GaNM4 2^ffi{CS i O, J®£ff£ 

7X^4 3 ifiSS6H«4 4 (C^ilfc. ttSiW4 4 
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IS 



«, 4 umOit&OfttK (S3 (a) ) . — 2Z#3ym 
©HftJfri* (B3 (b) ) , to&VS umft<D>f&mK 

(S3 (c) ) ©3iffiitc5-?^^^n-enffli> 

/Co 

[0 114] J&j£UcJS&«^i#4 4fEJifcg-f SGaNIS 

45«> i i iauMsftchy^^^y^A (tmg 

a) RO'h ^JUT^S-^A (TMA 1 ) iV^M 
Wcr>*-7 (NH, ) SW*&JIHI:£ 

[01 1 5 ] B 4 «H 3 0jffiSflHW&}&& 10 
«*Mattt*flHr»T I I I -VJK<t^«M|£*#il**fiR 

rsieowgiar**. *^4 1 **MAJiifl:64Mi 

ffiliS6»««:-fe 7 H, 7kf?t#* iNHj 

1 0 5 0°G©RS;Sta]Ktc#M-r?)o J&KifiK* 5 

f&J&U nh, am 5 0 0 0 c c/«#tM o»a 
fltfltt&-r * C i T. J&fiffltt4 4 &CG a NR4 5 © { 1 
-10 1} I*»6S!*77t9 hfltitSrEXfiStt/c (0 
4(a)). 

[0116] 3 3 0#IHJSKxfcr**w;Wfcfi 20 
5tiW,'-?Xi'4 3i&a^*rGaNB4 5©7Tt» 
h«JB*«jtS-ttA: (H4 <b) ) . 

[0117] xe^+^ + JHSS^WSCiCCfcOG 
aN14 5©7T*7 MHft*«8Wi* (04 

(c) ) , *»WtC», 1 2B*ffl(DRSgri OOnml 
g©?«ft«I4ttl.G a NK4 5 tfc (H 

4(d)). 

[0118] 3 fm<Dffitt<Dl&&mMtCl&f$ilstLG a N 

jWl&Sft/c. $/c. *^8fi^"C«RSfi1il^©^=&5tL 
HftJ^K, teJ:^«©3«Sil/fc^ vx^ 
«Wt*a»i&tf Ct©T# S JBtt"C*ntt^ft}g©JK 

[0119] *iii-Cigl,fcGa NK.Wtffi**#* 
K4>tt<. C©±KU-!f, FET> fcJcO'H B T& £" 
OlKAKQe -f * m&*l&&t £ C <b "C . f'WXf 
tt*GLt S *4 C & *5 bJ#6 £ U S „ 

[0120] $ 6(C1T7 r -f T«&4 1 &vimtf<c£ -> 
TiSnci-C, 'GaNK4 5 OTffll* 40 

[0121] JMOftfeWTtS:. GaNSOit^fV 

W®£JHb£^mtlJ£fiffi (MOCVD) SfflOTfcBI 

*fcA 1 , . O a S«4 1 
/c>&s, SiWK. ZnOlf, S i Clt, LiGaO 

, it, msai, o, rev*jBir>?t>n*&aft 
*w»6ti*. $e.tcA i , o, at54i±tcKJ»© 

GaNI4 2^r*6^t;a>^)lKL.fe*< 1 Sffi4 1±CCil: 
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[0122] ifc7^i'4 3il/tSi0 1 £ffll>/c 

#cn&cig6ft£fc©-c«&< . siN, ^©*&iii{* 

[0 12 3] SfcGaN©itf ^-Hl^StC-PI^T 
^/crt*. InGaNR. AlGaNl, In NR. G 
aPfi*SWiGaAsI4xb^*->t;^fiL/Tfc 
B«&*b*#»6*i*. SfcfcidaWSI I I-Vj£{b 

■gm tcqFW»©«Mn o t t lamnc Jsft*^ ens. 

[0124] m 5 ©IU6 W ##W©IH 5 ©SW&WtC 

[0 1 2 5] 3t«5 ItCtt. 1 um<Dmm<DGa NI5 
2«?Wc (0 0 0 1 ) ffi©-9-7r-<TS1£5 1 * 
fflt^/c. 

[0126] C©*tg5 l^ffiJCS i O, IR^J^fiS; 

l©7^^53ill ©)S«^ 5 4 K&tt U/c, 0 1 
©fiSS^5 4, fccfctffjf KD-vXi'S 3«, ^rtl^tl 
2 urn. *Jj:0*5 Mm©* h^-f^iWc. 
^fatt. < 1 1 - 2 0 > <h L/c (M 5 ( a ) ) „ 
[0 127]I1 <DJ$£flRJ«5 4fO&RT£S& 1 ©Ga 

nissb, ±iB©iwi^ i tmmtt I 1 I M»C* 

ij >5 A (Ga) <t&{b:*^ (HC 1) Ofrfc&SSMl'? * 
SfcfbtfU^A (GaCl) £ViSUIf4«:y>*-T 
(NH, ) *fX*ffll»*^-f F*^ FVPEtt*«l»> 
/Co ®K5 1 fc'W F?^ FOJfcfiSSBc-fe ? H. * 

m^m^.-cfS&UBL iooo •ckjwts. 65ox© 
g^sit^e). hc \wm* i o c c/mft-c&te 

I, NH, )«14 0 0 0 c c/S^T6 O^OfiKS 
T. Sffl ©9US0dTI&BJi,/c[3 l©(a)*6(e)© 
fiJcSXS^S-r . Sl©v^i>53 £Sat>&A,/cSfl 1 © 
GaN!5 5 5rMT5 (15 (b)). fl©GaN 

[0128] GaNf5 5±(CRO*S i 0 2 M 

txm-C&<9. ^h7^^B<ll-2 0>iWc 
(05 (c) ) . C©S1S5 1±(C. SC?. mi©^JI 

w-cmm Ltm i © ( a ) ^e. ( e ) (om&xm&M 

•C, »2©7Xi'5 7*S*ii*. fcJ:^- 1 5 0 Mm© 
m 2 ©G a NH 5 8 $ ^a<b b/cSI®£f#/c 
(05 (d) ) o 

[0 129] RRftL//c^2©GaN|g5 8©XPS ; &BrM 
SjaS^-PfiWR-Cia^/cite*. ^RS*i 10 s cm 1 fei 
Ti|ges!>-Cii>/cC(,^©-C&o/c. CC"C«, 2®Pi©3S 

t^SSCCOl^T^/c^. ±i2x@^0ii-rci-t?$ 

[o i 3 o ] msommm-vte, GaNi©xt^+i/ 
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%®&mit&tofttm&& (mocvd) zm^xbm 
mts;®%Lw&htiz>. £?cA i , o, »«5 1 

tctfi> S ZnOlfi, S i Clfi, LiGaO 

, Stg. MgA 1, O, afiP££ffll>TfcHMf&?8l 
J|jW#e>nS. 3 6&CA 1, O, Sffi5 l±KGaN 
M 5 2 ^rfiSS 1/ tc&lC -?s\>? ZmJ&h DJfi , C ft fcK h 
•**. »«LhtcGaNBI5 2*fiRJHir. 

[0131]$/c^Xi'53tL/tSiO 1 %m>/c: 
*5cnCCRSe.tl5 4>CD-C«^< . S i N, 10 

£ + ^i^UlSJftteot,>-C3$^<fc#, InGaNl, Al 
GaNl, In NR. GaPgi^iiGaAsMx 

t- * * is + u x i>mmte®mt>mhtiz>. s e> k 
fiSfi-r-s-i i i -v«i{i:6«cc^iw»©«sapi/-ct>ra« 

^**sff £41*. 

[0132] #&H y H©£HJ&m , WGaN^(D III- 

v^b^w^ftftfflc^wtc-at^ra^fc*. ante 20 
Kg e> ft £*>©-?»&<, «R&tt*3E»**i>tt*UB» 
AMR^ntt&i 1 1 -vm{t^<®!m»<Df8,m< l cmm'5] 

[0133] (*6 ©JS5SW *»!8©»'6 ©^S6^(C 
JW&££GaN)g©)j£:BK:JSt,\ 3 6JCCOG 

[0 1 3 4] 06&t7n-rfi&6 1 tC», 1 /zm©Jg!l© 
GaN186 2#W<*ft/c (0 0 0 DI©t7 7-f7 30 
S«6 l£/ll>fc. C©S«6 miKS i O, MSrflS 
® l*i6^4CD3IJte^lil5l«|{C7* h 

'©S8fi««8 4 fcJMiLfc. ft 1 ©l££^6 4 . *J J: 
l©vx?6 3tt> -eft-eft 5 m, *s<fci>*2um 
(DXF?^ Ufa. Xh7-f T^fttt, < 1 1-2 

o^jW^iomwtMtfccse (a) ). 
[oi35]» i of&mme 4 {cdaw-*» 1 ©g a 
NMe 5», ±.t&<Dmnw 1 tmmtc 1 1 1 kwwk:* 

(Ga) tJHtTkfg (HC 1) ©Hlt&J&I^C* 40 
ZmtXVsJ* (GaC 1 ) <tV^Hif4«:r>*-T 
(NHj ) F^-f FVPEffi*«<r» 

fc. »£6 l£'W F^-f F©fiR«HlK:-fev hU * 

ftgH£t?i£ftaft iooo "ccc^a-r So 6 5 0 °c© 
&K*>e>*«5 1 £NH,#x^ffl^»c-rs. RSfijas 

*5$Slt*>6, HC iifcfi£4 0 c c/®#-c{ft*a 
NHj ^I1 000 cc/S», *JJ:^7> 
(SiH, ) mmO. 0 1 c c/«OTl 50#W© 

m 1 ©iuswi-c^ is tern 1 © ( a ) iph 

( e ) ©JSSXS^igT . ft 1 ©v* * 6 3 £it*bi^ 50 



0-312971 

22 

/c)gJ?2 0 0 tim©ft l©GaNlg?6 5£ffJlj£-rS (M 
5(b)). *l©GaNl6 5 4», NH, ii 

aNM6 5ll nSt, 1 x 1 0"om'' feLk©+ * 'J 

[ 0 1 3 6 ] GaNJMNW*!'-" IfflHSOffWc 
tt. W«£Jg<t3*$ttlJ£68c (MOVPE) 
Si L/c. GaNK6 5em MOC VD^gK-fe * 
f-U TKfR^Hm-CfiSSSS 1 0 5 0*CK:f?*ST£. 6 
5 0 *&©*&£#> 6 NH, #X#fflSUCT&. S i 
JJOU/c 1 Mm©J»3©niS!GaNJi6 6. S i^UDl/ 
fcO. 4 Mm©»3£DniA ln.iiGa 0 ,i,Ni'79 h 
167, SiZmiaLtcO. lumOUOnSGaN 
i6*VF16 8, 2. 5nm©S5©7>F-7'In 
,. J Ga,.,N«^-#FBi5nm©J13©T> F-7* I 
n...,Ga..„NI*SiJirt»6&'* 1 0M?©^M^# 
F«j£?§14JI6 9, vy*S/«>A (Mg) *mmMc2 
0nmOf3OpSAl,.,Ga,.,NI70 1 Mgii 
JJDUfcO. l(tm©I3©piGaNM^KI7 1, 
Mg£?S$flnUfcO. 4 wm©J5S©pMA 1 o.i S Ga 
„., s N^7-j> FH7 2, Mg£S$flnbfcO.. 5 Aim©il 
S(DpSGaN3>$? F-Jf 7 3 £JW;tofclj£U U-tf- 
flBS&fPSSL/c. pa©GaN3>$i7M7 34M 
L/c&tt. HN, #*#H«-C^a*-ete*PU fiSfi 

mm.£K>m.K>m-r me (c) ) . 2. 5nm©ji<*© 

T> F-^I n„. l Ga„.,Nfi^FJii 5 nm©J*£ 
©T> F-^I n 0 .o S Ga„. 9! NplSJl3&i6^S^.fiS 
^#Ffltiir£14e6 9 », 7 8 0 •COiagtBilfc. 

[0137] #CC, U— tf-«HI*»/iJEUA:1f7 r -f T 
»R6 l*W*»«C-fe9 HU» t^r^THiei. G 
aNJ§62, S iO, vxi76 3, *Jj:0*GaNM6 
5©5 0 /imff^UTGaNR6 5?:Sai3-t±S. 
WcGaN16 SIB^tt, (Ti) -TJl/5 (A 

1 ) ©n£i®fii7 4£0fi£U pSf©Ga NJ17 3±(c 

ii--;^MNi) (Au) (Dpmnmi szmm 
?z> me (d) ) . 

[0138] HBKmfU— tf»3St?tt. MCCnM^ 
[0 138]-*te, ^T-fTtGaNjR^^fritJttS 

s©^^raa* 5 ^ccs/c«f>. r -r risiKfp 

[0140] CftOCftU 2|^iS^-Ctt*a^RI*5^)&: 
l>GaNH6 5=&lf < JSS"T2>C If 7 

r -f7lS«vX?tt{44iSl/tfcGa N 6 5±CCJF* 
fiSU/cGa NJS^i*©U— !f|»»Kjag»ttte< > * 
/cG a Nil 6 5 ±© U— tf^jttt^^ggtc J: 0 ftiSSI 5 




(13) 



23 

[0141] ^HJS^-Cfi, G a NJS6 5 ±KU-tf- 
HlMlT^e^ t^r -(7Sg5 1. GaNI6 

ffHT4III«:t7T -T7S«6 1 . GaNI6 2, Si 

[0142] St *S856WCtt. t7r 10 
1. GaNJ162 > SiO, v**63©¥fgg> fc<fc 
TCaNI6 5©— ffl$*WBO'C. n SfcDHfis^JI^fiX t> 
W^^rffbTfc K x ? ^> ifK. J: 0 n M©G 
aNJS6 6*/c«6 5 Sti^lnllS^MU ft 
J§Sf 5 7 -S^ff^T 5Ci rfE*©«Hft*fBKTS C 

[0143] 

v**«cj:ga«Lk©Ja^«*IWIRU 7 r -lz * H 20 

s5rffitciT, s&s-r* 1 1 i -vmt&to&mm 
£os* 7^*81*. xmvmAzmiu-c. Bast 

©III -vftffc^ifti^^-rici^tt 
«»*fMW-*-ct*J"c», *©^*9RmiWciaLhT 
[si] *fgaj© i i i -vmitmi^m»<mmm 30 

[12] A 1 GaNKJWBfiSSftfcMsrA 1 , 0< £ 
ftJhlC'W F5-f FVPEft^t, GaNgt&flMS 

[03] S!Rfi«JK:xfif*^i'JHgS-rSfiSS^«©^ 

[04] B3©ft»tt. =ft*5tt. SW§itt©iSI 
**«RRO^:»fiLh«:«fflfiS*ffi*ffl^-C I I I -VIS 

<t^«Mia»ftii*»fiJfr*x!B©«BSia'c**. 40 

[05] *jW§©tf*^*2H*»)iBUTJ&iR0fcG 
aNjgS©1Ulllg0-C«fc.2>. 
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[06] *»H©fifc*^*JBl»TJBfiSLfcGaNfiLb 
KGaN3R*»#U— !f-«»*«Rjr*IS©lWH 

[fHNMMl] 

1 1 Stii 

1 2 »«fc»fiS3ttfcI I I — Vtfif bd^Hf^WHH 

13 III -V«?{b^»*»«:*JjSft3*5fi!Eft«« 

1 4 -?X>? 

1 5 *ejr*s/+jn«fii/fci i i -vm<t£to¥W 
torn 

16 III - V»Kfc£*M|£*{*©7 hflfjg 

21 (000 1 ) ®©t>-7T -rratR 

2 2 GaNl 
2 3 v** 

2 5 xV**is + )Vf&&l,tLGeiHm 

3 1 (111) ffi©MgrA 1 , O, 

32 l(im<DGaNI. S/cttAlGaNI 

32 mm±icmi$,$titci8b&ffl& 

3 3 SVLhKJBOEt/fcS i O, JR©v.x>7 

3 4 lb^ + ^t^St/fcGaNA''>7rI 

3 5 ^-fK7-f KVPEi-CfiXIl/fcGaNIg 
43 7X9 

4 4 RRS^JS 

5 1 (000 1')ffl©t77^7fflR 
53 I1©7X? 

5 4 01 ©fiSS^^c 

5 5 gll©GaNJg 

5 6 A 2 ©!&£«« 

57 J&2©vX£ 

58 I2CGaNI 

65 nSGaNI 

66 nSfGaNJl 

67 nIAl,.„Ga..„Ni'7?H 

6 8 nSGaNM^FI 

6 9 1 0JS»§©£*«^#F8t£r£14J! 
70 pfiA l..,Ga...NJi 

7 1 pSGaNM-/ KB 

72 pSAl,.„Ga 0 ., s Ni'7f H 

73 pgGaN3>£*MS 
7 4 Ti-Al©nSlI 

7 5 Ni-Au®plli 
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m i ] 



IM2) 



im3 ] 




2S2 — CSTH 



(a) 



'1 6. 
-14. 
•12. 
-11. 



°SS6 

oooo 




23. 



Cb) 



□□□cr 
□□□cu 
□ □□□ 



23, 



25.Q0NR 

22.0aNK 
21AtxOs&t6 




(c) 




1 0 — 3 1 2 9 7 1 



IftftB] ¥/£l 3S?4M 1 30 (200 1. 4. 1 3) 



1 0-3 1 2 9 7 1 
[&MB ] 10^1 1^24H (1998. 1 1. 24 
[?jHtt] &B§#t*&$B 10-3130 
[«■»■«»] 0-62 7 6 0 

CHBS«K^8I»7JR] 

H01L 21/205 

C30B 29/40 

H01L 33/00 
[F I ] 

H01L 21/205 

C30B 29/40 D 

H01L 33/00 C 

imtiiB) ¥fiSl 2¥3£2 2 B (2 0 0 0. 3. 2 
2) 

C*ttHIIE 1 ] 

C»iE*f*3«B« 3 #lHII*©*ilffl 

[ffiiIE:fr£] £H 

[JSIErt£] 

[««Flll*©ttH] 

[16*311 ] ill -VM^K*©ifJ + i/ 
{cWBStRtlW-SR^flKRflaR^att* I i i - v 

«Ht^«*«»4fiR&r 5 is <t . wiaRR*«wt?striB 

I I I -VMt^ftfiM^yfe-; nws*jBjau«c 
#6BSSS1*. 0HK1-*lsSft««© I I I -V&fb^Bj 

ci««it* i i i -vnt^*i*oil*a. 

[89*312] I I I -VMfc^ifi»<Dxfii+-> 

i/*f?4«:J:»)fiS«««*»iStrsig4. flftBJafifiRJft 
Ktti^«4tt^^-t#J^««»«»«c* I I I - V 
Mb^¥2g<*£J&fi-f5I*i£. gtlBjS&fiflWCtfrE 
I I I - Vift^!fi|«:47 r -fe H»S*»JiSb«C 

wessfis-tt. nmr*RRfi««©i 1 1 -vmit&m 

¥ffi{b§ ft/cSJBKliiB&IflfcilSI 0 jg-r C £ ^r^Sft £ 

1 1 i - vwk&mymtovmsasm. 

[11*313] griBSS&flStCv SiJiBl&gSRisSicj&ft-r 
5 1 1 I -V|R<fc*«l*W(*4iaiC*m*>. **watt 
^^^rWKaflMROftWtffiR**-*-* I I I-VSHt 

-m 



x * j: o j&a $ titcm,&®.t£*jtm? 5 c 4 

«&£T5lf!*JllXte2iaig©I I I -V«|{b^W*» 

[1**14] ftiriBvX*#ift£ffl(,>r^j£Tr5l«I 

SCi*«M»t-T*l»*311. 2X«3iBiS©I I I- 

[1**15 ] IffiBv^ 7WC$> 
-or. SulB7r-fe-> hfltiftOflKtf { 1 - 1 0 1 } WV 

*sc&*w*£*ai»#3«4iB«© i i i - vnt^ 

«!¥*tt©J$ft#&. 

[f»*16 ] wffBvX d?<D?f^*^ h.7 -f 7BV?C$> 
-or. * 7^75l5l* s < 1 1 - 2 0 >*-|fi)$/cB< 1 
- 1 0 0>^|S]r* 5 Ci*«l if -511*114 IBIS© 
I I I - V«{fc£*M£*W*©liRfia». 

[8**17] mTiB»««. M g A 1 , 04 »£. S 
ZnOli. S i CIS. LiGaO, » 

s. ai, o, «s©^-r*ia>ioa>e>jStRS4i. sir 
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